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SPECIRCAT10N 

Polymericplezoelectric material 

5 The present Invention relates to a polymeric piezoelectric material obtained by heat-electretizing the molded 6 
product of a polyester which contains an aromatic hydroxycarboxyllcacid residue and exhibtts the 
anlsotroplsm In the molten state. 

It is Imown to persons skilled In the art that a polymeric fenwiectric material can be used as a piezoelectric 
material or pyroelectric material when it Is heat-electredzedto ghrean electret element Known examples of 

10 such polymerfcpiezoelectrlc material lnciudepolyvlnylidenefiuorlde,polytrff1uoroethvlene,and io 
polyvlnylidene cyanlde^inyl acetate copolymer. 

These polymeric piezoelectric materials are soft and can be easily made into film of large area. Because of 
the good moldabillty characteristic of polymers the Inorganic piezoelectric materials do not possess, they a re 
expectedto find a wide range of applications. 

15 However, these polymeric piezoelectric materials are limited In temperature at which they are used. This is 1 5 
because thepiezoelectric property is derived firom the high orderstructureof the polymer. In other words^the 
direction of the dipole moment In the molecular chain Is changed andfrozen when the polymer is 
heat-electretized. Therefore, they cannot be used at temperatures higher than about 1 40 to 1 60"C. 
In v] ew of th e above*mendoned problems, the present Inventors carried out extensive studies to develop a 

20 new polymeric piezoelectric material which can beused at higher temperatures and can beeasily 20 
heat-elertretized. In their studies, the present Inventors paid their attention to the fact that a pdymerthat 
exhibits the anlsotroplsm In the moltent state, or a liquid crystal polymer, is easily mobile for polarization 
orientation. Itwas found thatthe one containing an aromatic hydroxycarboxylic add reslduein the molecular 
chain has the anlsotroplsm of dipole. Thfe finding led to the present Invention. 

2$ Accordingly, the present invention relates to a polymeric piezoelectric material which is obtained by 25 
heat-electretizing e molded product of a polyester containing an aromatic hyroxycarboxylic acid residue 
whidi exhibits the anlsotroplsm In the molten state and/or a polyester containing partly in the same 
molecular chain a polyester which exhibits the anisotroplem in the moltem state. 
The polyester used in this Invention is a polymer composition which exhibits the optical anisotropism in 

30 themoltenstateandi8capableofthecmoplasticmelt-processlng.ltgeneranyfalisunderthecategorYof 30 

thermotropic liquid cr/stal polymer. 

The polymer which forms theanlsotropic molten phase has the propertiesof pemiitting thepolymer 
molecular chains to assume regular parallel anrangement in the molten state. The state in which molecules 
are arranged in such a manner Is refenred to as the liquid crystal state. The polymer like this isusually 
35 produced from a monomerwhich has alhin, long, and flatconflgurattorv has a high rigidity along the long 35 
axis of the molecule, and has a plurality of chain extension linkages whichare coaxial or parallel with one 
another. 

The properties of the anisotropic molten phase can be determined by an ordinary polarization test using 
crossed nicols. More particularly, the properties can be determined with a Leitt polarizing microscope of 40 

40 magnifications by observing a sample placed on a Leitz hot stage in a nitrogen atmosphere. The pohfmer Is 40 
optteally anisotropia I4amely, It transmits a light when it Is placed between the crossed nkjols. When the 
sampleis optically anisotropic, the polarized light can be transmitted through it even In a still state. 

The resin molded product of this invention is characterized In thatthe polyesterwhich exhibltsthe 
anisotropism In the molten state Is one whidi contains an a romatic hydroxycarbocyiic add residueand 

45 aromatic substituted derivative residuethereof. The hydroxy group andcarboxyicadd group should 45 
preferably be substituteddlreclly on the aromatic ring, and the hydroxyl group and carboxylic acid group 
" maybeonthe88mearomaticringordlffBrentaromaticrings.Ineithercases,theyshouldbelnthesame 
molecule of the aromatic cydic compound. TTie aromatic hydroxycarboxyicacld resin should preferably bea 
compound composedof one or more kinds selected from the hydroxybenzolcadd residue, 

50 hydroxynap hrtholc add residue, and their arom atic substituted derivative residue. The aromatte su bstltuted 50 
derivative residue should have the substituent group selected from functional group which Imparts the 
anisotropism to the intramolecular dipole moment of the hydroxycarboxylic add compound and is atthe 
substitution position to impart such anisotropism. In addition, the substituent g rou p of the aromatic 
substituted derivative residue is one which imparts the anisotropism to tiie dipole moment in the direction of 

55 die line connecting the cariKin atoms on tire aromatic ring to which tiw hydroxyl group and carboxylicadd 55 
group are connected, and is et the substitution position to impart such anisotropism. Preferred examplesara 
those represented by the following formulas (I) to (VII). 



60 




( I ) 



60 



2 GB2 188686 A . 2 




45 Xi !fl 




(Vlt) 

60 



(wherein the group consistfng of Xi, and Xs and the group consisting of Yu Y2. and Ys are separated by a 
55 line which Intersects at right anglesa line connecting the carbon atoms on the aromatic ring to wNchthe 6S 
hydroxy I group and carboxylicacfd group are connected, at the centerthereof; each of said groups Isoneor 
more icinds selected from substltuent groups which differ from one another in dlpole moment; thesame 
group does not contain those which differ from one another in the direction of dipole moment; and the 
unsubstltuted position In each group represents a hydrogen atomt) 
50 The substltuent group is selected from cyano group, nitro group, aldehyde group, carboxylic acid ester, 60 
carboxyOcacfd group, hydroxyl group, hydrogen, halogen compound, amino group, imino group, ozo 
group, alkoxy group, alkyl group, phenyl group, acyl group, sulfoxy group, and sulfide group- Preferably, it Is 
selected from hydrogen, cyano group, nitro group, acetoxy group, chlorine, bromine, phenyl group,aIkyl 
group, methoxy group, amino group, and alkyteubstituted amino group. 
65 The above-mentioned polyester which exhibits the anlsotropism in the molten state may be a 65 
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homopolYiDer ora block or graft copolymer, fn the latter case, the segments of the polyestarare 
copolymerlzed I n the other polyester which may not be capable of polarization orientatioa The other 
polyester Is one or more kinds selected from aromatic polyester, polycarbonate, polyethersulfone, 
polyacryiate, and polyalkylene terephthalate. 
5 The polymer which exhibits the anisotropism in the molten state may be contained In the other 5 
thermoplastic polymer, it may be dispersed In the misclble form Ir Immlsdble form. Those whl^ are 
uniformly disperslbla are preferable, and their examples include aromatic polyester, polycartwpate, 
polyether sulfone, polyacryiate, and polyalkylene terephthalate. ' 
The polyester which exhibits the anisotropism in the molten state may be produced by a vari^ of 

10 ester-forming processes. 10 
The monomer compounds can be reacted by melt ad dotysis In the absence of any heat exchange fluid. In 
this prooesa, the monomers are heated to form a meltof reactants. As the reaction procjeads, the solid 
polymerpartices begin to suspend in the melt. In the final stage of the condensation reaction, the reaction 
system may be evacuated to fecilltate the removal of volatile by-products such as acetic acid and water. 

15 A slurry polymerization process may also be employed in the preparation of fully aromatlcpolyesterB 15 
suitable for use in the present Invention. In this process, the solid product is obtaimed intheform of 
suspension in a heat exchange medium. 

in either of said melt acidotysis and slurry polymerization processes, the organic monomeric reactants 
from which the fully aromatic polyeaters can be derived may be employed In the reaction In a modified form 

20 obtained by esterifying the hydroxyl group of the monomerat ambient temperature (I.e., Intheform oftheir 20 
lower acyl esters). The lower acyl groups have preferably about 2 to 4 carbon atoms. Preferably, acetate 
esters of the organic monom eric reactants a re employed In the reaction. Also, the modified form (I.e., phenol 
ester) formed by esterffylng the carboxyllc acid group may be used for the reaction. 
Typical exampes of the catalyststhat can be used in both of the melt addolysls and slurry processes 

25 Indudedialkyltin oxides (suchasdibutyitin oxide), diaryltin oxides, titanium dioxide, a ntimonytrioxide, 26 
alkoxytitanlum silicates, titanium alkoxides, alkali metal and alkaline earth metal salts of carboxyllc adds 
(such as zinc acetate), Lewis acids (such as BF3), and hydrogen halldes and other gaseous acids {e.g., HC1 ) . 
The catalyatis generally used inan amount ofaboutO.OOl to 1 wt%, particularly about 0.01 to 0*2 wt%, based 
onthe monomer. 

30 Thearomatic polymers suitable for use In the prasent invention are substantially Insolube in ordinary 30 
solvents and, therefore, they are unsuitablefor use In a solution processing. However, these polymers can be 
processed easily by the oitiinary melt processing. Partlculariy preferred aromatic polymers are soluble in 
pentafiuorophenol to some extent. 
The aromatic polyester which b preferably used in the present Invention have a weight-average molecular 

35 weight of about 1 ,000 to 200,000, preferably about 2^0 to 50,000, particularly about 3,000lo 25,000. 35 
The molecular weight may be determined by gel permeation chromatography orother standard methods 
which need no polymer solution, such as a method In which terminal groups are determined by Infrared 
spectroscopy using a compression-molded film sample. The molecularweight may also be determined by 
the fight-scattering method using a solution of pentafiuorophenol. 

40 The above-mentioned a romatlc polyester has an inherent vfscos'rly (I.V.) of at least about 0.5 dl/g, for 40 
example,about0.5to 10.0dl/g as measured In a 0.1 wt%soiution in pentafiuorophenol at 60X. 

The polyester which exhibits the anisotropism In the molten state may contain anotherferroelectric 
substance. Such fen'oelectric compound enhances the properties of the polyester used as afeaoelectric 
material. The ferroelectric compound maybe Inorganic compounds,organlc compounds, orpolymoric 

46 compounds. ^ 
Examples of the inorganfc compounds Include quartz, lead zirconate titanate, potassium hydrogen 
phosphate, barium titanate, leadtltanate, lead niobate, lithium niobate, lithium tantalate, strontilum barium 
niobate^PWBi-BzJOs, and PbTiOs-PbZrOs-PWBiWOa (where B, represents Mg, Co, Ni, Mn, orZn; and B2 
represents Nb, Ta, Sb, or W). 

' 50 Examples of the organic compounds indude low molecular liquid crystal compounds, Rochelle salt, and 50 
triglycin sulfate. Expanations on low-molecular liquid crystal compounds will be found In 'Ekisho noSalshin 
Gljutsu" (Latest Technology of Liquid Crystals) by Matsumoto and Tsunoda (Kogyo Chosakal) and 
'Handbook of Uquld Crystals" by K. Kelker and R. Hatz(WeInheIm, 1980). 
Examples of the poiymeHccompoundlncudepolymeraand copolymers of vlnylideiM fluoride 
55 trifluoroethylene, vinylldene cyanide, and chloroacrylonHrile. ^5 
The polyester obtained in this Invention is usually heat-electratlzed when It isformed Into sheet orfilm. 
Afterthe heat-electretizing, it may be used in the form of powder having polarization orientatlon.Thfe 
powder may also be dispersed intoa thermosetting ortherrnoplastlc resin. 
Examples of the thermosetting resin include phenolic resin, epoxy resin, melamlne resin, urea resia 
60 unsaturated polyester resin, and alkyd resin. ^ 
Examples of the thermoplastic resin Include polyethyene, polypropyene, polybutyiene, polybuladiene, 
polylsoprene, polyvinyl acetate, polyvinyl chloride, polyvlnylldene chloride, polystyrene, acrylic resin, ABS 
resin, AS resin, BS resin, polyurettiane, silicone resin, fluoroplastlccyan resin, polyacetal, polycartonate, 
polyethyene terephthalate, polybutyiene terephthalate, aromatic polyester, polyamlde, polyacrylonltrile, 
65 polyvinyl alcohol, polyvinyl ether, polyetherimfde, polyamldeimlde, polyetherimlde, polyethericetone, 65 
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polyethersulfoner potysulfone, polyphenylene sulfide, and polyphenylene oxide. 

Preferred ones are aronnatic polyeister, polycarbonate, polyether sutfone, polyacryiate, polyalkyt^e 
terBphthaiate, and polymers and copolymers derived from vifiylidenefluoridertrifluoroethylenefVinylidene 
cyanide, and chtoroacrytonitrite. 
5 In another usage, the composite material containing a heat-electretlzed powder may befiirther 5 
heat-electretized. 

Theheat-electretizing can be carried out by the method known to persons sidlled in theart. Both sidesof 
the sheet orfilm of the polyester of this invention are treated for electric condution, and a voltage is applied to 
thesheetorfilm wHh heatlng.Thevottageappiication may be performed continuously or Intermittenty (In 

10 pulse). Theimermittentapplicationinpulseispreferredfortheeaseofpoiarizationorient^^ 10 
achieved with mmimum heating sufficient to impart Idnetic energy that causes the polarization Inversion. I^r 
complete polarization immersion, the heating temperature shoutd be higher thenthe melting polpt of the 
polyester. At such a temperature the polarization orientation takes place very quickly because of the 
properties of liquid crystal the polyester originally possesses. Where the polarized anisotropic strain is 

15 required, It is possible to control the temperature and the intensity of electricfield. 1 6 

The potyesterand composite productthereof obtained in this invention may be incorporated with a variety 
of addlthres by the method known to persons Skilled in the art The additives Include plasticizer, antioxidant, 
UV light absorber, antistatic agent, flame retardan^ dye and pigment, surface treatment therefor, and 
reinforcing fiber and in organic fil ler. 

20 The present invention provides a polymeric piezoelectric material which is obtained by heat-etectreb'zlng a 20 
molded product of a polyester which contains an aromatic hydroxycarboxyllcadd residue and exhibits the 
anisotropism in the molten state and/or a polyester containing partly In the same molecuar chain a polyester 
which exhibits the anisotropism in the molten ststo. The polymeric piezoelectric notorial has several 
features. It has extremely high heat resistance. The molecules are extremely mobile inthe molten state 

25 because the molecular chain is rigid. It is quickly responsh^eto the heat-electretlzrng. Therefore, the 25 
polymeric piezoelectric material of this invention finds a large variety of applications. It can be used In a hot 
environment above 150^C In which the ordinary ferroelectric polymeric materialscannot be used. It can be 
used as a heat-resistant piezoeiectric material such as a pressure-sensitive element movable element, 
acoustic transducer, and a medical transducer. It can also be used as a pyroelectric m aterial as an infrared 

30 sensor and radiation sensor. DetBiled explanations on tirme application win befdund In ''Rne Electronics 90 
and High-functional iVlaterials%editedby Higaki |CMCCo.,Lid., June1983).P. 168. 

The invention is nowdescribedin more detail with reference to the following examples, which should not 
be construed as iirrdting the scope of the invention. 

35 Example 1 35 
1261 parts byweightof4-acetoxybenzoicacld and 691 parts by weight of 6-acetoxy-2-naphthoic acid were 
placed in a reactor provided with a stirrer, a nitrogen inlet tube, and a distillation tube. The mixture was 
heated to 250°C undera nitrogen streem and stirred vigorously at ttiattemperatu re for 3 h and then at280^C 
f or 2 h while acetic acid was dtsti 1 led off from the reactor. The temperature was elevated at 320X and the 
40 feeding of nitrogen was stopped. The pressure in the reactor was reduced gradually to 0.1 mmHg after20 40 
min.Themixture was stirred atthat temperature underthat pressure for 1 h. 

The resulting polymerhad an intrinsic viscosity of 6.4 as determined in pentafiuoro phenol ata 
concentration of 0.1 wt%at60T:. 
The resulting polymer has the following constitutional units. 
45 rn_ « 



-O-^CO. /"^XX^ » 7 0/3 0 



50 



50 



Theresutting polymer was made Intoa 20-|jLm thidcfilm by using aT-dleextruder. The extruder andT-dle 
were set at 300X and 290X respectively. Thefilm was stretched atadrawratioof 1/10. Both sides of theffim 
were coated with silver by vapour deposition. The film was heated at 260^C and subjected to the application 
55 ofDCvoItage(100kV/cm)for60minutes.Afterthat,thefilmwascooledrapidly.Theresultingtestplecehada 56 
plezoelectrlcconstantdgi of 8.5 x lO'^CGSesu and a pyroelectric constant of 5.7 x IC^'C/cmK. Adsi 
measured intiie same manner at lOO^was 10 x lO'^CGSesu. 

Examp/e2 

60 138.2 partsby wdght of polyethyeneterephthalate (having an intrinsic viscosity of 0.36} was added to 1 62 60 
partsby weight of polyester (having an intrinsic viscosity of 0.77) preliminarily polymerized at 260H^ for 3 
hoursinthesame manner as in Example 1. The reaction wascontinued inthe same reactor at 280''Cfor4 
hours witiY vigorous agitation. The reacation temperatu re was raised to 320X and the feeding of nitrogen 
was stopped. The reactor was evacuated to0.1 mmHg after 15 minutes. Stirring was continued for 1 hour at 

55 this temperature and pressure. ^ 
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The resulting polymer had an intrinsic viscosity of 2^ as determined fn pentafluorophenol lA s 
concenlrationofO.1 wt%at60X. 

The resulting polymer was fbundio be composed of 40 mol% of polyethyleneterephthalateand 60 mol% 
of hydroxybenozic acid and hydroxynaphtiiolcadd. 
5 Atest f^ece was prepared in the same manner asin Exampis l,and it was heated at200XandsubJectedlo 5 
the application of DC voitags (100 kV/cm) for 60 minutes. The resulting test piece had a piezoslectricconstant 
d3iof9.1 X ia'CQSesuandapyroelectricconstantof6.2 x lO'^'C/cmXAdat measured in the same manner 
at lecrCwas 12 x IQr^CGSesu. 

10 Examples ^. . . ^ 

900parts by weight of 4-acetoxybenzdcacid,431 parts by welghtof4-acetoxy-3-chiorobenzolc acid, and 
690 parts by weight of e-acetoxy-2-naphthoic acid were placed In a reactor provided with a stirrer, a nitrogen 
inlet tube, end a distillation tube.The mixture was heated to 250'C under nitrogen stream and stin-ed 
vigorously atthat temperature for 3 h andtiien at 280^ for 2 h while acetic acid was distilled off 

15 reactor. ThetOTperaturewaseIevatedlo320XandtiiefeedingofnItrogenvi»8toppBdThepressureinft^ 
reactor was reduced gradually to 0.1 mmHgaflerZOmin.Thembcturewas stirred atthaitemperatu rounder 

that pressure forth. ,^ 
The resulting polymerhad an Intrfrislcviscosity of B.0 as determined in pentafluoropnenol ata 

concentrationof0.1wt%at60*C. 
20 Atest piece was prepared in the same mannerasfn Example 1,and itviras heated at 220^C and subjecledto 20 
tfie application of DC voltage (100 kV/cml for 60 minutes. The resulting test piece had a plezoelectricconstant 
d3jof8.8x 10-^ CQSesuandapyroelectrlcconstant of 5.9 xlO-^C/cmXAdaimeasuredlnthesame manner 

at160^wa8l2x lO^CGSesu. 

25 Comparative Example 1 . ^ _x ^ 

166 parts by weight of terephtiiallcacid, 166 parts by weight of isophlhallc acid, and 250 parts by weight of 
diacetoxymethylhydroquinone were placed in a reactorprovlded with a stirrer, a nitrogen Inlet tube, and a 
distillation tube. The mixture was heated to 26a*C undera nitrogen stream and stirred vigorously atthat 
temperature fbr2.5h and then at 280'Cfor3 h while acetic acid was distilled offfrom the reactor.The 

30 temperature was elevated at 320°C and the feeding of nitrogen was stopped. The pressure in tiiereactor was 30 
reduced gradually to 0.1 mmHg after 1 5 min. The mixture was stirred at that temperature underthatpressure 

*%]»resultlng polymer had an Intrlnslcvlscosity of 0.87 as determlnedina 1:1 mixedsohrentof 
tetrachloroetiiane and phenol at a concentration of 0.6wt%. 
35 Theresultlng polymer was heat-eleciretizedintiiosamtf manner as in Example 3. The piezoelectric 
constant dai was9.2 x lO^CGSesu 

Exampfe4 

Ihe polymer obtained In Example 1 was slowly and uniformly lntx)rporated with ceramics powderof lead 
40 zirconate-titanate(PbZrOrPbT?03)whileheatInoat280^witii hot rolls. The amount offthe ceramics powder 
was 30 vol% In tiie resulting composite material. The resulting composite was made into a 50-fim thlckfllm 
by using a hot press. The resulting film was mads Into atestplecein the same manner as In Example I.The 
test pieces at 220PC was subjected to theappllcation of DCeieclricfleld (200 kV/cm)fdre^ 
plezoelectncoonstantd3i was2.a x lOr^CGSeau. 

48 

Examples 

The polymer obtained in Example 2 was made Into a 50-»tm thick film inthesame mannerasin Examples. 
The hotroils were heatedto220^ The test pieces at220"C was subjectedtolheapplicatlon of DCeleciric 
field ( 200 kV/cm) for 60 minutes. The plezoeleculcconstant dst was 2.7 x 1 0"' CQSesu. 

50 

Examples 

The polymer obtained In Example 1 was heatedto 280°C using a hot press. While being held between 
copper plates, the polymerat280^was8ubjected to the application of DCelectricfieW{1^ 
minutes,followedbyrafidcoonng,Theresultingfilmundenwntcryogenicgrindlngat-60°C.Th8re^^ 

66 obtained needle powder. The powder was uniformly Incorporated into polyacetal ("Duracon M-90",a SB 
product of Polyplastics Co., Ltd.) using hot rollsat 180PC. The amount of tfie powder was 40 vol% based onthe 
resulting composite. The resulting composite was made Into a BO-jtmlhlckfilm using a hot press. The film at 
100°CwassubJected to tiieappllcation of IXelectricfleld 1200 KV/cm)fdr 60 minutes inthesa^^ 
Example I.The plezoelectricconstant dsi was2.2 x ia*CGSesu.lncklentally,tfia piezoelectric constant 

60 the polyacetal measured in thesame mannerwas7.7x 10""CGSesu. 

^^^tectretired needle powder obtained in Example 6 was Incorporated with polyvlnylidenefluoride resin 
(KM 100 made by Kureha Chemical Co., Ud.) using hot rolls In the same manner as In Exampe6. The amount 
65 of the powder was 50 voI% based on theresultlng composite.The test piece at lOO'C was subjected to 



35 



40 



50 



60 



6 GB 2 188 585 A 



6 



application of DC electric field (200 IcV/cmtforO) minutes. The piezoelectric oonstontdai was 1 .5 x lO"' 
CGSesu. Incidentally, the piezoelectric constant of the polyvlnylldene fluoride alone measured In the same 
mannerwasLOx 10'^CGSesu. 

5 Examples j ® 

The polymerobtained In Example 1 underwent cryogenicgrindlng at-OO'C. There was obtained needle 
powder. The powder was uniformly incorporated into potybutyene terephthalate |"Duranex2002", a product 
of PolyplastlcsCo.,UdJ using hotrolls at 23a°C.Theamountof the powder was 50 vol%basedon the 
resulting composite. The resulting composite was made into a 50-ji,m thlcktest piece using a hot press. The 

10 te3tpieoeat200XwassubjectedtotheappllcatlonofDCelectricfield<200kV/cm)for6^ 10 
manner as In Example 1. The piezoelectric constant dai was 4,0 x 10* CGSesu. Inddentally, the piezoelectric 
constantofthepolybutyleneterephthalate measured InthesamernannerWBs 8.0 x lO^CGSesu. 

ExampfoS 

15 The polymerobtained In Example 2 was made Ijito needle powder In the same manner as in Examples, 15 
and the powder was made into a test piece which was subsequently electretized. The piezoelectricconstant 
dai was 3.8 x 1 0"" CGSesu. 
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1 . Apolymerplezoelectric material which is obtained by heat-electretlzing a molded product of a 
polyestercontalning aromatic hyroxycarboxylic add residue which exhibits the anisotropism In the molten 
state and/or a polyester containing partly in the same molecuar chain a polyester which exhlbilsthe 
anisotropism inthe molten state. 
26 Z ApolymericpiezoelectricmaterialassetforthlnClaim 1, wherein the aromatic hydroxycartjoxylic acid 25 
resldueisoneormore Idndsofcompoundsselectedfrom hydroxybenzolc acid residue, hydroxynaphtholc 

acid reslduor and aromatic substituted derivative residues thereof. 

3. ApolyraericpiezoelectricmaterialassetforthInClalm1,wherelnthepolyestercontainlnganaromatlc 
hydroxycarboxyiicaeid resin and alsQ containing partly In the same molecular chain a polyesterwhich 

30 exhibltstheanfsotropismlnthemoltenstatelsacopolymercomposedof apolyesterwhich exhlbitsthe 30 
anisotropism in the moHen state and one or more kinds selected from other aromatic polyesters, 
polycarbonate, polyethersuifpne, polyacrvlale,andpo|yalkyleneterephthaiatB. 

4. ApolymericptezoelectricmaterialassetfiorthlnClalm 1, wherein the polyester containing an aromatic 
hydroxycarboxylcacid reslduewhich exhlbilsthe anisotropism Inthe mottenstateand/orthepptyester 

35 contalningparllylnthesamemolecularchainapolyesterwhlchexWbHstheanlsotroplsmlnthemoltens^ 36 
Is contained in other thermoplastic polymer, 

5. A polymeric piezoelectric material as setforth in Claim 2, wherein the subsHtuent group ofthe aromaOc 
substituted derivative residueis one which impartsthe anisotropism to the Intramolecular dipole moment of 
the hydroxycarboxyllcadd compound and isatthe substitution position to impart such anisotropism. 

40 6. A polymeric piezoelectric material as setforth in Claim 2, wherein the substltuent group ofthe aromatic 40 
sutetltuted derivative residue is one which impartsthe an teotropism to the dipole moment in the direction of 
the line connecting the cart}on atoms on the aromatic ring to which the hydroxyl group and cart)oxylicacid 
group are connected, and Isatthe substitution position to Impart such anisotropism. 

( Apolymeric piezoelectric material aseetforth In Claim 2, wherein thearomatic hydroxycarboxyllcadd 
[due Is composed of one or more Idnds selected from the following formulas (I) to(VII). 45 
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(1) 



10 



15 



X, Yt 



10 



15 




(V) 



20 



25 



30 



35 




(YI) 



30 



35 



40 



-0 




40 



(wherein thegroup consisting of XvXz, and Xs and the group consistingofYi, Yz, and Ys a 
line which Intersects at right angles a line connecting the carbon atoms on the aromatic ring to which the 
hydroxyl group and carix^xylic acid group are connected, atthe center thereof ; each of said groups Is oneor 
50 more kinds selected from substituent groups which differ from one anotherin dipole moment; thesame 
group does not contain those which differ from one another in the direction of dipole moment; and the 
uittubstftuted position in each group represents a hydrogen atom.) 

/a) A polymerk; piezoelectric material as set forth in any of Claims 5 to 7, wherein the substituent group is 
oifebrmorB Idndsselectedfirom eyanogroup, nitro group, aldehyde group, carboxyiic add ester,carboxyiic 

55 acid group, hydroxyl group, hydrogen, halogen compound, amino group, Imino group, azo group, altoxy 
group, allcyl group, phenyl group,acyi group, sulfoxy group, and sulfidegroup. 

9. A polymeric piezoelectric material as set forth in any of Claims 5 to 7, wherein the substituent g roup Is 
one or more Idnds selected from hydrogen, cyano group, nitro group, acetoxy group, chlorine, bromine, 
phetM group, allcyl group, methoxy group, amino group, and alkyl-substltutod amino group, 

60 Apolymerlcplezoelectrlcmaterialassetforth]naalm1,whorelnthepolye8terwhlchexhiblt8the 
ani^troplsm In the molten state is one which has a molecular weight of 2,000 to 50,000, 

11. A polymeric piezoelectric material as set forth In Qaim 1 , wherein the molded product (to be 
heat-clectretlzed) of the polyester which contains an aromatic hydroxycarboxylic acid residue and exhibits 
the anisotropism in the molten state and/or a polyester containing party In the same molecular chain a 

65 polyester which exhibits the anisotropism In the moltent state, Is one which contains aferroelectric 
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'^"lal^^lTpolvmericpiezoelectrlcmaterlal aeset forth In Claim 11, wherein the ferroelectric compound Is an 

organic compound. . , . , 

13. Apolymcricpiezoelectricmaterlal aasetforth In Claim 1 1, wherein the ferroelectric compounds is an 

5 Inorganicoompound. 

14w Apolymericpiwoeleclricmaterial assetforth In Qaim 13, wherein the Inorganic compound is oneor 
more compounds sdectedfromquartz, leadzlrconatetitanate, potassium hydrogen phosphate, barium 
thanate, lead tftanate, lead nlobats, lithium nlobato, lithium tantalate, strontium barium nlobat^, PblBrBJOg, 
and PbTIOa-PbZrOa'PblBrBa) (where Bi representB Mg, Co, Ni, Mn, or Zn; and B2 represents Nbja, Sb, or W). 
10 15. ApolymericpIeroelectricmaterial8S8etfbfthlnCla!m12,whereintheorganiccompound isRochelle 

saHortrigJyc^^ 

polymericferroelectric material. ... , j. 

17. ApoVmericplezoeiectricmaterialassetlbrthinaarmliwherelntheorganlccompoundi^ 

IS low-molecuarferroelectric liquid crystal compound, , . , . 

18 A polymeric piezoelectric material as setforth In Claim 1 6, wherein the polymericferroelectnc 
material isone or more kinds selected from vinylldenefluoride, trifftjoroethylene, vinylidene cyanide, and 

chloroacrylonitrile. . ^.^isi 

19. Apolymericpiezoelectrlcmat6riala8setforthinaalm1,whlchl6lntheformofsheetorfilm. 

20 20 Apolymericple2oelectrlcmaterialassrtforthlnClaim1,whichl8intheformofpowderorflber. 20 

21, ApolymeriGplezoetectrlcmaterialassetforthinClalm19,wherelnboth6lde8ofthefilmYpolymerfc • 
plezoeleotric material are coated with electroconductivefilm. 

22, Apolymericpiezoelectricmaterialassetforth in Claim 1, wherein the molded productis 
heat-electr^ed by the application of direct current or both direct current and alternate current. 

25 23. Apolymeric piezoelectric nrtaterial as setforth in Claim 1 , wherein the heat-electretlzed polymeric 
piezoelectric material is In theform of fiber. ' ^ . ^ ^ . , ^ , 

24. ApolymericpiezoelectricmaterialaasetforthinClaim1,wheremtheheat-€lectretizedpoIy^ 

piezoelectric material is In theform of powder and/or short fiber. 

25. ApolymerlcpiezoelectricmaterialassetfbrthinClatm54,wherelntheheat-electretlzedpo^^ 
30 piezoelectric material In the form of powder and/or shortflber Is dispersed in other resin. 

26. Apolymeric piezoelectric meterial as setforth in Claim 24, wherein the heat-eleotretized polymeric 
piezoelectric material is dispersed in a themiosetting resin. 

27. Apolymeric piezoelectric material as setforth in Claim 24, wherein the heat-electretlzed polynwric 
piezoelectricmaterial Is dispereed In thermoplastic resin. 

35 2a Apohrmer!cpie2oqlectricmaterialas5etforthinClaim27.wherelnthothermopla8ticresinlsono 

which has a lower melting point tha n tha resin to be heat-electretlzed. 

2a A polymeric piezoelectric material as set forth In Claim 27, wherel n the thermoplastic resin Is one or 
moreWndsselectedfrompolyacetalpolybutyteneterephthalate, polyethylene terephthalate,v^ 
fluoride, trifluoroethylene,vinyIidene cyanide, andchloroacrylonltrlle. . ..^ 

40 30. Apolymeric piezoefectric material asset forth in Oaim 25, wherein the resin composition in whichthe 
heat-electretlzed resin Is dispersed is further heat-eiectrethnd. 
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